
"Rode tsr&gluxS1

-- -~ ---==-----=--==----==----==~---=--==---==~-========================---==========--~ 

J 



• ->

Atx (Sefbot

•^to-tfecUhorcA-^ &*'*« *vo-l 'T>f<k:lct^r^fv«tj^

"bee.,

|p.^ ^dJk wViN* *3f ^

P*?~ ^T'ACJP.'tlvc * d'E'fl+i'Wo+* of ^-Hit^ cfuxivvi T^2>^rv^fw»i /v'*^ bF<o»w^ a-n tKj ;+*+j

P-® Sr\v^AjuL Ar\ MrAxAa~ Tb«4es^v~*eA A—f\: *s#* / f*t**i^\*Xi OoKr

C-ecof'd

*3o vT^ \ ^ Aa. /k tv*«J *1" * T"^-tr «i UO/ ^ er^L £►<*, Ajd*-S)rfs

Fo\\fi\t»hi ^QK>\s> dxf), sKiiifr-Oto, Otr-su/

S) -W-o^ A ', R^stMf (Nl p£,ltf ,Tf6p,

- iN ^ -tin* C'fAlk*. *J>0 ft,p sre«Pty AJ£ ^ Are t>;*/:

- m Hi-biMCHf foclti ikrif ^TBn<e aJsj , T> r Born /J£ f Z\*J a > soc 

~~ Comt-.aji^o i*i ovjt/« ^.r o*Je-Bench fBo'?)

<0 AoIm4_ 3e-t~ * *^**»l4’ tkj aU. "5 «^»c./e. -H^pe/

- .Vi p£ -A,ese aU;W NJe,"v>iP J^Ffvv MuJ >

tetaWl^ stu>^ CteeepAOeJ h> Fbl«*^vJ J~ $l>'<^Uti^

b$&r cfcrjViNUAo^S "t^AiO -^«t sex A f<v» \

'i»J "tfit-lfluirUo<Sf^i s.TAne aJc- 4 OipBsxH aJiaJ + s^

A*» i Afe'e- A ■% >,Ni 4 AS wOtW cJfc UA l^ryi|

9eK oi" ^>ts^V sef A

‘^'^►AxV-y ~^Se c jssJi^

M ^Q"Ci -Wrieis 4o W.pt«>NJe '^/r cfc^tiv

f?) <2oMf*-Wrf -Ha/vj "Tip

., 

u • M ,.,., .....,C ,J 

0 ,.o -, 

A.Jc A 



C^o Co-op iNrt> vn)c- C vj.cc)

— UCS "Tfcp» 4”T^rp ff^K^ l2-/£fc> fo 3qooo p£/

L/C S 0f p€ J_ " ‘ 3®«oao y /| n ?,oo«s - /o, o<x

— £X«-«.c4l , -Vfc$F OWiicWtd ^ (/f^Z/wd*

u^ottlc- (Ze^vakI^A ~tb[s

^if^crr -r%>s-rifs»«, or -aoinits, Tie /to Tt\e fuTwr<y

vivcx^o Ca&o LC>(bS

jApp^^-alk^ ^(^We /V-^ iU P*

AAJA\J^SgS> & -Slpffe E^GkJ

N>- :^T.

We hWe C^UfW*

^ (\A>0 A*? S W-—CAJ^ (Ul£\( cUA,tMe«0. ( ~tLl<\ji-

r(0-p‘A (A^O NJCfeAs 4o k tveA^r^^xA 0^w. k K^C>iC4t be-foe^. 

aJo p*-o\oW*wt. do«.e A% Avo
Asi <

... 

- uc.s Jr~ iTgip ~~~ ~..... 12..,~ +o 3o,oco P-£/ 

- UC. .S ot p-€ ..J.. -f;.\1 · ~ -4',"oo,. /I ~Kto,J i: ?,oCJ<> - 10~ o«. 

- Dv~a~ , ~ rt>Ji< ~.-J~iH~c ·d "h~ i I/ '4J t 
- f VI.F:{t wo12: l ~ · ~ '-''~ Ai --th.cs ~ ,._._ , 

,, 

-T:::,l~l '5 ~L 7':i :-t ,NE:, or- ~O, ",IT$,_ ~'4 & ~Q_\(< ="9. /1.j l~ fu\\l{ 

(l) 

Ar:-: .. ......._ -,-...c..._ ~~ 

~~a ~ .. ~ k 

~ ~.., hk =f 

~ ( well Aa.-1.t--lEJ). ( --tli k-

'-' ¼ ~.J ~t.-.. fv.-o(~ ~~ 
Jv. A ~o 



r
o//'

(7) rAf)cJiyr£ X^app/aX

*)/>£/ <fV- 2-S?-d "* 2-<X3- V

I-ZS'-I 2g^ 7

b) x?v Sl. - v?r *r?r-7

->> rv
xsrr —* V3£>

& r£# <£ YXfi />o^PhYA/ (o y,t?£)

<a) /OV JT- if AX' 7

ViP? —> Hbf

& 3r i. aa/)*/V r rs Po/lp#rpy (*/utf/o£ J

0# £>/~i8

?7^‘

V?r

?>6

??7

(3 9 T£. /A/9-H r?£ 

<a) t>#

AOAPAYAY ( ’ Y/P6)

X 73~m-4 

7/. S' —rz

(?) /°ayaA'» xa swjjr

a-) £>rf i l3t -* 2 blf 

?2-S

Vos ~>

f>) £># X7 <?opT-

f 2 B.f

Vo/'g

*

f^Lo/v> i^2>t

vAG>./\}Qk Code TA\*-e/0 

^ PsL STe^oNdx or

PlTeAtO^ Pu.^vAefe_

""OefST i-^od.ic_ CljeoPXB'O 

“lb -9 IT" ^LcPe STfcBiUr^ 

fttfcl T\A& <£=icr Fg*re 

e^<?PrfviStCi^ p(^-oJ^cr

1

{j) T;l./jc../t Yr£ ;Pa,A./)11 YA / ()· vt,/' 11).6) 

Q 

G 

@) 

t!)-J ,f)Ji o'f - 2..1 7 .8--:$> 2-C:8- -t 
2- 8.? - J ~ 2. -a.r-~ CJ 

6) Pl/ tf1- - <1 rr 4 1"9r-- 7 

S-1j --y)S--JJ-6' 

FJ,.r --=l ,36 

T/2-/) <jl 'f / l' ~0 11.J)f)r/J i (ox1pJ:..') 

~ L)I'/ d' 2... J :11- f' -J I l ~- 'l. 

<?II·> -> </ I/, f 

Qri. .7/1/9 c- /y y 7-E 4<)A/J~ Y/lY ( 1 <./ ,r I()~' _) 

~ t)/1 c?,1-2 8 'ftf~ I 

?7-c. 

97, 

'116 

? 77 

9. r~. _r,12.,9<"11 rrt /JO A./J /7 };12_ )' ( XI.PE) 

c::.-) /JI-/ ti 2. 7J ~ -- 7~-£ 

91. s- --J ✓ rz. 

@ /' ,11,y:c,,-; n-, ~ /'V,().v f O,J L,f / 

o) L'J II cf' 3 l 81 ➔ 2. 81·> 

·<90/• '2.. -7 </t:>I • B 

<f18.f ~ 4/Lf/ 

:S~~TON Rtoiv-- l S 1-

\-\Q./ /'JG.- CcilE Th\'-E,.__j 

1s~ N._ S"t~ o~ 

D IT€~ ~~ ~\...\.R::'t~€f2._ 

«-(:~v-JO~~ l£L ;'(Et) 

LO R l't ":::loPE: S~\S l l..1 ,--> 
fuR ~ G::.&. cr- \:::61,~ 

~<?AN~~ 'P~E<..:t"" 

.>-6. 
17-IB/ei!> 



PITEAU ASSOCIATES
GfO'FC^vC*. iv;
- ''Qp.00: Ci CSC a. w'>NSu

KAP}uANO 1 CO -Oc
«V£SI VAN’COJV£= B :
CANADA V7* ’.AT 
TELEPHONE f6D4! 9?6-8S5‘
TELD 0«*35?89C*

DESCRIPTION OF CORE LOGGING TECHNIQUE

Prepared by

PITEAU ASSXIATES ENGINEERING LTD.

JUNE, 1985

PITEAU ASSOCIATES ENGINEERING ltd

PITEAU ASSOC IA TES 
GFCif-("l-l·.·.:-:.~ .:.•.: 
-•o~(-..~:-r:~ ::; . .:. :... :..:1f:SL1~ .. .:.·~ •• 

l'\A?l1,..ANO 1 C,(• $~11-: .10c 
WfS"': '•'ANC-·.JJv~:: 5: 
CANA.O;. v;" !;: 
TELEPHONE /6(•,i 9?6·86~, 
iELEY Ot• 3:,..??9':~ 

DESCRIPTION OF CORE LOGGING TECHNIQUE 

Prepared by 

PITEAU ASSOCIATES ENGINEERING LTD. 

JUNE, 1985 

PIH.AU ASSOCIATES ENGINEERING LTD 

:. .. :..•. : s .. : ·.·• .:.::· 



DESCRIPTION OF CORE LOGGING TECHNIQUE

The basic parameters measured from the rock core are as follows:

1. Core recovery

2. Rock hardness

3. Degree of fracturing (breakage)

4. Degree of weathering

5. Core size

It is noteworthy that the best data on core competency can be collected by the 

drill inspector at the drill site before the core becomes broken or data lost 

from excessive handling, splitting, or drying out.

The data on the various parameters may be tabulated on appropriate recording 

forms and presented graphically for specific boreholes on geological sections or 

pi a ns.

A detailed description of each of the parameters recorded is given in the 

following:

1. CORE RECOVERY AND RQD

Core recovery is expressed as a percentage of the total length drilled for 

each core run which is marked by wooden blocks in the core boxes. Recovery 

gives an indication of the quality of the ground being drilled and the 

general competency of the rock. Low recovery may also be indicative of 

faul ts.

2. RQD (ROCK QUALITY DESIGNATION)

The RQO is defined as the percentage of core in each run in which the 

spacing between natural fractures is greater that four (4) inches (10 cm).

DESCRIPTION OF CORE LOGGING TECHNIQUE 

The basic parameters measured from the rock core are as follows: 

1. Core recovery 

2. Rock hardness 
3. Degree of fracturing (breakage) 

4. Degree of weathering 

5. Core size 

It is noteworthy that the best data on core competency can be collected by the 

drill inspector at the drill site before the core becomes broken or data lost 

from excessive handling, splitting, or drying out. 

The data on the various parameters may be tabulated on appropriate recording 

forms and presented graphically for specific boreholes on geological sections or 

plans. 

A detailed description of each of the parameters recorded is given in the 

fol 1 owing: 

1. CORE RECOVERY AND RQD 

Core recovery is expressed as a percentage of the total length drilled for 

each core run which is marked by wooden blocks in the core boxes. Recovery 

gives an indication of the quality of the ground being drilled and the 

general competency of the rock. Low recovery may also be indicative of 

faults. 

2. RQO (ROCK QUALITY DESIGNATION} 

The RQO is defined as the percentage of core in each run in which the 
spacing between natural fractures is greater that four (4) inches (10 cm). 



3. HARDNESS

A simple scheme for classifying soil or rock according to its con

sistency or hardness is given below, Using this scheme, a reasonbl e 

first estimate of the unconfined compressive strength (qu) of the 

material may be made. Classifications are based on simple mechanical 

tests which can be easily performed in the field. By the use of 

fingers, a pocket knife and geologic pick and with a minimum amount of 

experience, the complete range of classifications can be established 

in the field.

QUALITATIVE I QUAVTITATTYE EXPRESSIONS 

FOR COKSISTEXCT OF C0ICS1VE SOIL AND MCI

APPROXIMATE RAJJGE OF 

UeONFIlCD COWRESSIYE STRENGTH

HAXDKSS COKSISTDCT FIELD IDOmnCATlOH kg/ai?
(Approx Tons/ft‘) p.s.1.

SI very soft
Easily penetrated several Inches by fist. <0.25 <3.5

S2 soft
Easily penetrated several Inches by thinb. a 25 - 0.5 3.5 - 7

S3 fin
Can be penetrated several Inches by thusb 
with Moderate effort.

0.5 - 1.0 7 - 14

54 stiff
Readily Indented by thinb but penetrated 

only with yeat effort.
LO - 2.0 14 - 28

SS very stiff Readily Indented ty thinbnall. 2.0 - 4.0 28 • 56

S* hard
Indented with difficulty by thumbnail. >4.0 >56

n extremely soft Indented by thinbnall. 2.0 - 7.0 28 - 100

u very soft rock

Cnnbles under fir* blnvs with point of 
geological pick; can be peeled by a pocket 

knife.

7.0 - 70 100 - 1,000

u soft rock

Can be peeled by a pocket knife with 
difficulty; shallow Indentations «ade by 
f1r« blow of geological pick.

70 . 280 1.000 • 4,000

u average rock

Cannot be scraped or peeled with a pocket 
knife; specimen can be fractured with single 
flrw blow of homer end of geological pick.

280 - 560 4,000 - 8,000

R4 hard rock
Spedoen retires nore than one blow with 
hamer end of geological pick to fracture It- 560 - 1,120 8,000 - 16,000

15 very hard rock
Spedoen retires ■fifty blows of hamraer end 
of geological pick to fracture It.

1,120 - 2,240 16,000 - 32,000

li extreoely hard rock
Speclnen can only be chipped with geologic pick. >2.240 >32,000

• Modified Rock Hardness Classification 

SI to $6

Modified after Teriaghl, X. and Peck. R.B., 1967. ’Soil Mechanics In Engineering Practice. 2nd Edition. John Wile, 

and Sons Inc., Hew York. p.30.

»»» ssss sr.sna.rt- swa-n; sas.rJsr^TJ's.v"*"- “ ”
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A simple scheme for classifying soil or rock according to ; ts con-

si s tency or hardness is given below, Using this scheme, a reasonble 

first estimate of the unconfined compressive strength (qu) of the 

material may be made. Cl ass i fi cations are based on simple mechanical 

tests which can be easily performed in the field. By the use of 

fingers, a pocket knife and geologic pick and with a minimun amount of 

experience, the complete range of classifications can be established 

in the field. 

wry soft 

soft 

ff" 

stfff 

ff,., s t1 ff 

hud 

extre:aely soft 

-.er, soft rock 

soft rock 

avenge rock 

hard rock 

very hard rock 

ertrsiely hard rock 

(.llALITArm: I QUAJITTTATIYr EXPR!SSIDHS 

• 
f'OR C0liSISTIXT CF C0l£SIYE SOIL All!) RllCI 

FlW IDOmflCATIOII 

Easfly penetrated soeral inches by ftst. 

Easf ly penetrated sever1l inches by th111b. 

Can be penetrated several 1nclles by th1111b 
Ill th .,de rate effort. 

Readily _indented by thllll> but penetrated 

only with 9"Ht effort. 

Readily indented ty thiabnafl. 

Indented lt1 th di fflcul ty by thU11bnafl. 

Indented by th1111bn1f1. 

CrunblM under ffni blows ltlth pofnt of 

IJ!!Ol og1 cal pf ct; can be peeled by I pocket 

knife. 

Can be peeled by I pocket tn1 fe Ill th 
d1 fflcul t,Y; shallow tndentatt ons aade by 

f1ni blow of grologfc1l pfcl. 

Cannot be scraped or peeled w1 th a pocket 

kn1 fe; spect11en can be fr1ctured with single 

ff ni bl ow of h-r end of IJ!!Ol og1 cal pf ck. 

Spech:ien reqJI res aore than one bl ow w1 th 

lklnner end of geological pick to fracture ft. 

Specimen r-eqJI res U'I)' blows of h11tner end 

of geol ogf cal pl ct to fracture t t. 

Specfmen can only be chipped vfth geologfc pfct. 

APPROilMAlt WlGt CF 
UICOHFJ IEl CCM>R!SSIYE STlDl6T1I 

lg!a,2 
(Approx Tons/ftZ) p. s.1. 

(0.25 <3.5 

0. ZS - 0. S 3. s - 7 

Q.S - 1.0 7 - 14 

LO - z.o 14 • Z8 

2. 0 - 4.0 ZS - 56 

)4.0 )56 

2. 0 - 7.0 ZS - 100 

7.0 - 70 100 • 1,000 

70 - zeo 1.000 • 4,000 

280 - 560 4,000 • 8,000 

560 - l, 120 8,000 • 16, 000 

1,120 • 2,240 16,000 • 32,000 

>Z,240 )32,000 

• Noctt fled Rock H1rdnes s Cl ass 1ft catt on 

Sl to S6 Modified after Terzaght. L 1nd Peet, R.8., 1967. "So11 Mechanics fn Engfneerlng Practfce, 2nd Edition, John Vlley 

and Sons Inc •• llev Tort. p. 30. 

11 to RS Modified after Piteau, D.R., 1970. "Gtologfcal Factors Sfgnlflcant to the St.ab111ty of Slopes Cut 1n Rod" 1n 

Phnn1ng Open Pit Mines. Yin Rensburg Ed. Aug. 29-Sept. 4, 1970. 8altema. p.51 1nd 68. 



4. DEGREE OF BREAKAGE

Degree of Breakage is a visual and thus somewhat subjective estimation of 

the quality of the rock in terms of the number of fractures or breaks. 

General categories, numerical equivalents and qualifying descriptions are 

given below.

CATEGORY

NUMERICAL

EQUIVALENT

MEAN SPACING
OF BREAKS OR 

DIAMETER OF 
FRAGMENTS 

(in. )

QUALITY DESCRIPTIONS

A- 1 Mostly fault gouge with/without 
minor rock fragments

A 2 Gouge and crushed rock

A+ 3 Crushed rock with/without minor 

gouge

B- 4 H to 2 Crushed rock - no gouge

B 5 Crushed rock - diameter of 
pieces <2 in.

B+ 6 Broken rock - fracture spacing

....................
<2 1n.

C- 7 Mean spacing 2 to 3 in.

C 8 2 - 4 Mean spacing 3 in.

C+ . 9 .. Mean spacing 3 to 4 in.

D- 10 Mean spacing 4 to 6 in.

D 11 4 - 8 Mean spacing 6 in.

% 12 . . Mean spacing 6 to 8 in.

E- 3 Mean spacing 8 to 12 in.

E 14 >8 Mean spacing 12 to %4 in.

E+ 15 Mean spacing >24 in.

•

NOTE: Care should be taken to identify all fault/shear zones (Category A).

However, for other Degrees of Breakage, the category should be 
averaged over a length of three (3) metres.

4. DEGREE OF BR£ AK.AG: 

Degree of Breakage is a visual and thus somewhat subjective estimation of 

the quality of the rock in tenns of the nlJllber of fractures or breaks. 

General categories. mrneri cal equivalents and qualifying descriptions are 

given below. 

MEAN SPACING 
tJUMERICAL CF BREAKS OR 

CATEGORY [QUI VALENT DIAMETER CF ~ALITY DESCRIPTIONS 
FRAGMENTS 

(in. ) 

A- l Mostly fault gouge with/without 
minor rock fragnents 

A 2 <¼ Gouge and crushed rock 
A+ 3 Crushed rock with/without mi nor 

gouge 

8- 4 ½ to 2 Crushed rock - no gouge 
B 5 Crushed rock - diameter of 

pieces <2 in. 
B+ 6 Broken rock - fracture spacing 

<2 1 n. 

C- 7 Mean spacing 2 to 3 in. 
C 8 2 - 4 Mean spacing 3 in. 

.C+ 9 Mean spacing 3 to 4 in. 

0- 10 Mean spacing 4 to 6 in. 
D 11 4 - 8 Mean spacing 6 in. 

ij· 12 Mean spacing 6 to 8 in. 

E- - I) Mean spacing 8 to 12 in. 
E 14 )8 Mean spacing 12 to l,4 in. 
E+ 15 Mean spacing >24 i h. • 

• 
NOTE: Care should be taken to i den ti fy all fault/ shear zones (Category A). 

However, for other Degrees of Breakage, the category should be 
averaged over a 1 ength of three (3) metres. 



5. DEGREE OF WEATHERING

The degree of weathering or oxidation of the rock core is used to 

define the upper boundary of unweathered bedrock and to delineate 

faults and other zones of intense weathering. The degree of 

weathering is estimated visually to give a qualitative feel for this 

parameter. The classification for degree of weathering is as follows:

A - intensely oxidized or weathered.

B - moderately oxidized or weathered.

C - mildly oxidized or weathered (on joints only).

D - fresh and unweathered.

6. CORE SIZE

Core size has a direct effect on the quality of core recovered. It is 

generally recognized that larger diameter core will give better core 

recovery and a better sample of the geological structures. Accor

dingly, a record of the core size is kept in conjunction with the core 

competency stucjy to consider these aspects.

7. JOINT FREQUENCY

The number of natural joints or fractures in each core run is used to 

calculate the joint frequency. In sedimentary rocks, the nunber of 

bedding joints/m and number of cross joints/m are recorded separately.

5. DEGREE OF WEATHERING 

The degree of weathering or oxidation of the rock core is used to 

define the upper boundary of unweathered bedrock and to delineate 

faults and other zones of intense weathering. The degree of 

weathering is estimated visually to give a qualitative feel for this 

parameter. The classification for degree of weathering is as follows: 

A - intensely oxidized or weathered. 

B - moderately oxidized or weathered. 

C - mildly oxidized or weathered (on joints only). 

D - fresh and LD1weathered. 

6. CORE SIZE 

Core size has a direct effect on the quality of core recovered. It is 

generally recognized that larger diameter core will give better core 

recovery and -a better sample of the geological structures. Accor

dingly, a record of the core size is kept in conjunction with the core 

competency study to consider these aspects. 

7. JOINT FREQUENCY 

The m.nnber of natural joints or fractures in each core run is used to 

calculate the joint frequency. In sedimentary rocks, the nLJTiber of 

bedding Joi nts/m and m.mber of cross joi nts/m are recorded separately. 
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I '.A K T : SUGGESTED METHOD FOR DETERMINING THE POINT LOAD 

STRENGTH INDEX

Scope

1. Tliis test is intended as a method for measuring the strength of rock specimens in the 
field, and uses portable equipment. Specimens in the form of either rock core (the 
'diametral' and 'axial' tests) or of irregular lumps (the 'irregular lump' test) are broken 
by application of a concentrated load using a pair of conical platens. A Point-Lo2d 
Strength Index I. (50) is obtained and may be used for rock strength classification.

A pparatus

2. Hie testing machine incorporates a loading system (comprizing for example, a 

loading frame, pump, ram and platens), a system for measuring the load P required to 

break the specimen, and a system for measuring the distance D between the two platen 

contact points. Its essential features are the following:

(a) The loading system should be adjustable to accept and test available rock spe

cimens, for example in the size range 25-100 mm for which a loading capacity up to 

50 kN is commonly required. A quick-retracting ram helps to minimise delay between 

tests. Ram friction should be low so as not to impair the accuracy of load measurement.

(b) Spherically truncated conical platens (Fig. 1) are used to transmit load to the 

specimen. The 60° cone and 5 mm radius spherical truction should meet tangentially, 

and the platens should be hardened so thatthey remain undamaged during testing. The 

platens should be accurately aligned so that each is coaxial with the other, and the 

machine should be rigid to ensure that the platens remain aligned during testing. No 

spherical seat or other non-rigid component is permitted in the loading system.

(c) The load-measuring system should indicate the failure load P to an accuracy 

of ± 2 % irrespective of the strength of specimen tested. It should incorporate a maximum 

indicating device so that the reading is retained and can be recorded after specimen 

failure. It should be resistant to hydraulic shock and vibration so that the accuracy 

of readings is maintained during testing.

(d) The distance-measuring system should indicate the distance D between platen- 
-contact points to an accuracy of ±- 0,5 mm. It should be designed to allow zero check 

and adjustment and should be robust so that its accuracy is maintained during testing.

Procedure

3. (a) Rocks to be classified are first divided into «units», each of which is considered 
on the basis of a preliminary inspection to have uniform strength. One sample of rock 

containing sufficient material for the required number of test specimens is then selec
ted from each unit. Samples in the form of core are preferred for accurate classification. 

For routine testing, specimens should be tested at close to their natural water content. 
For precise classification and comparison samples should be stored at 20°C ± 2°C and- 

50 ± 5 % humidity for 5-6 days prior to testing.
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of readings is maintained during testing. 
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containing sufficient material for the required number of test specimens is then selec
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50 ± 5 % humidity for 5-6 days prior to t~sting. 
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(b) The aiameiral lest. Core specimens wnh itncth.• diameier raiio greater than 1.4 
are suitable for diametral testing. Preferably ten or more tests per sample are required 
depending on the available quantity of core and on the uniformity of rock in the 
sample. The specimen is inserted in the lest machine and the platens closed to make 
contact along a core diameter, ensuring th3t the distance L between the contact point 
and the nearest free end is at least 0.7 D where D is the core diameter (Fig. 2 (a)). The 
distance D is recorded and the load increased to failure. The failure load P is recorded 
and the procedure repeated for the remaining specimens in the sample.

(c) The axial test. Core specimens with length/diameter ratio of 1,1 — 0,05 should 
be used (Fig. 2 (b)). Long pieces of core can be tested diametrally to produce suitable 
lengths for subsequent axial testing. Preferably ten or more specimens per sample are 
required, depending on the available quantity of core and on the uniformity of rock in 
the sample. The specimen is inserLed in the test machine and the platens closed to make 
contact along the core axis. The distance D is recorded and the load increased to failure. 
The failure load P is recorded and the procedure repeated for the remaining tests in the 
sample.

(d) The irregular lump test. Rock lumps with typical diameter approximately 50mm 

and with a ratio of longest to shortest diameter of between 1,0 and 1,4 are selected 

(Fig. 2) (c) and trimmed using any convenient technique. At least twenty lumps should 

be tested per sample. Each lump is inserted in the testing machine and the platens do

sed to make contact along the longest diameter of the lump, away from edges and cor
ners. The distance D is recorded and the load increased to failure. The load P is recorded 

and the procedure repeated for the remaining test in the sample.

(e) Anisotropic rock. With rock that is bedded, schistose or otherwise shows obser

vable anisotropy, tests should be made in both weakest and strongest directions. When 
testing horizontally bedded core, for example, diametral tests will normally give a set 
of lower boundstrength values, i.e. the strength perpendicular to planes of weakness. 

Care should be taken to ensure that loading is strictly along and perpendicular to the 

weakness planes. The spacing of diametral tests should be adjusted to ensure that the 
resulting pieces can later be used for axial testing, noting that the platen separation in 

the axial test is measured perpendicular to the weakness planes and not necessarily axial 

to the core. A similar procedure may be followed when testing irregular lumps.

Calculations

4. (a) The Point-Load Strength Index I., is calculated as the ratio P/D\

(b) For classification the index I, (50) should be used, obtained from I, by correc
ting this value to a reference diameter of 50 mm using the correction chart given in 

Fig. 3.

(c) The median value may be found from a set of test results by systemmatically 

deleting highest and lowest values until only two remain. The average of these is the 

required median value.

(d) In diametral testing, where the core diameter D is effectively constant, the median 

failure load P may first be found, then the index applicable to this load calculated and 
the size correction applied. In axial and irregular lump testing, however, the index for 

each test must first be obtained and corrected for size. The median value of these cor

rected results is then computed.
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(e) The Strength Anisotropy Index 1. (50) may be computed ns the ruuo o: correc
ted median strength indexes for tests perpendicular and parallel to planes of weakness. 
1, (50) assumes values close to 1.0 for isotropic rocks, and higher values when the rock 

is anisotropic.

Reporting oj results

5. Results for diametral tests, axial tests and irregular lump tests perpendicular and 
parallel to planes of weakness should be tabulated separately. The report should contain 
the following information for each sample tested:

(a) Sample number and location, also its water content condition, and storage 

history. If possible numerical values for both water content and saturation should be 

given. The orientation and nature of any weakness planes present in the rock should 

be described.

(b) A tabulation of failure load P and platen separation D for each test.

(c) Computed values of I, and I. (50) for each test. These computed values can be 

omitted in the case of diametral test results, but the median value of failure load P 

should be reported.

(d) Median values for I, (50) parallel and perpendicular to planes of weakness, 

together with the computed strength anisotropy index I. (50).

Notes

6. This test is intended as a simple procedure for field classification of rock materials, 

and when necessary the recommended procedures can be modified to overcome practical 
limitations. Such modifications to procedure should however be clearly stated in the 

report

7. Point-load strength is closely correlated with the results of uniaxial compression 

and other strength tests. An approximate conversion Uniaxial Compressive Strength = 

=24X1. (50) can be used (BROCH, E and FRANKLIN, J. A. The Point-Load 

Strength Test. Trans, Inst. Min. Metall., 1972).
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FIELD MANUAL FOR RECORDING DISCONTINUITY OBSERVATIONS

INTRODUCTION

Stability of underground and surface rock excavations or natural slopes in rock 

is most often controlled by natural discontinuities in the rock mass. 

Discontinuities may consist of bedding planes, joints, shears, faults, litholo

gic contacts, etc., which are often planes of low strength in a relatively 

strong medium. Recording of discontinuity observations by the techniques 

described herein serves to provide a data base for quantitative and statistical 

description of the rock mass. This classification provides the engineering 

geologist with a necessary tool for understanding the mechanics and kinematics 

of possible failures and is the basis for design of excavations and/or remedial 

measures.

Mapping of discontinuity information is recorded on a standard sheet which is 

formatted for easy computer input (see Fig. 1). Mapping is carried out along a 

fixed, straight line traverse on a rock exposure. A tape is usually attached to 

the rock surface at each end of a traverse. The ends of the traverse are later 

located by a survey of coordinates and elevation. By convention, the traverse 

proceeds from left to right along the exposure.

Each traverse is described in the first row of the recording sheet by naming the 

traverse, and by specifying the coordinates and elevation of the starting point, 

trend and plunge of the traverse alignment, the mapping system in use, length of 

the traverse and the number of observations made on the traverse.

Within a traverse, each discontinuity is described according to its position, 

rock type, rock hardness, structure type, orientation, infilling, continuity, 

spacing and number of structures if part of a set, water condition and surface 

characteristics. Each of these observations is described in detail below.

SYMBOLS

Before undertaking a mapping project, a set of mnemonic symbols should be agreed 

upon to describe the structure, rock and infilling types. These can be added to
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as the need arises during mapping. In the case of rocl: type, a three 'letter 
mnemonic code is normally used. Structural discontinuities are given a two 
letter code. Infillings are given a one letter code.

UNITS

A consistent set of units must be used for describing traverse coordinates and 

traverse length as well as distance along the traverse to a structure. That is, 

if coordinates are entered in decimetres, so must length of traverse and 

distance. Structure length is usually, but not necessari1 iy, entered in the 

same unit system. Depending on the structural geology of a particular site, it 

may be more convenient to use smaller units for gouge width, say centimetres or 

mill imetres.

BASIC EQUIPMENT

The basic equipment required for this mapping method is:

(a) clino rule, Brunton compass or Clar compass for measuring structural 

attitudes

(b) a tape at least 30m (100 ft.) long for locating structures between 

traverse stations

(c) notebook and field recording data sheets

(d) nails, flagging tape and spray paint for establishing and identifying 

traverse stations

(e) Brunton compass for measuring traverse trend and plunge

(f) rock hammer for lithologic and hardness classifications

(g) large scale plan map of survey area for mapping basic structures in 

conjunction with the detailed mapping

(h) basic geological survey equipment such as hand lens, magnet, pocket knife, 

acid, etc.

(i) a camera to photograph rock exposures and structures of particular note.
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ESTABLISHING THE TRAVERSE

After a preliminary survey of the area, the traverse station is established at 

waist height or where convenient by driving a nail into a crack in the rock.

The traverse is then identified using flagging tape and spray paint. A 30m (100

ft) tape is attached to the nail and stretched along the rock face, and a second

traverse station is established at the end of the traverse. By convention, tra

verses should be set out from left to right, looking at the rock face, so that 

the traverse line is on the operator's left when looking from the start to the

end of the traverse. Traverses should be well marked at each end with spray

paint and flagging tape so that they can be readily recognized from some 

distance (i.e. across the pit) for purposes of correlation of structures between 

benches, and for field recognition by the survey crew who will pick up and 

locate the traverse stations on a plan drawing. Where possible, the traverses 

should be joined end to end to reduce the number of points surveyed and to avoid 

the possibility of missing important structural features. If two operators are 

mapping, they should generally attempt to alternate traverses along the bench 

faces to minimize any bias due to differences in mapping procedures.

GENERAL TRAVERSE DATA

The top line of the field mapping sheet (see Fig. 1) contains data relevant to 

the entire traverse. Traverse data will relate to all subsequent data entered 

on the sheet. Each entry is described in detail below.

Traverse - Four spaces are provided for a unique traverse name to be coded in 

alpha and/or numeric symbols. Typical traverse names could be D001, D002, 2501 , 

2502, etc.

Northing, Easting and Elevation - Six spaces are provided for each of Northing 

and Easting, and five spaces for Elevation. These coordinates pertain to the 

location of the beginning of the traverse and can be entered in any convenient 

system (eg. - UTM coordinates, local property grid coordinates, etc.) using the 

same units as the distance column (see below). Usually, tenths of metres or 

tenths of feet would be appropriate.
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locate the traverse stations on a plan drawing. Where possible, the traverses 

should be joined end to end to reduce the number of points surveyed and to avoid 

the poss i bi 1 ity of missing important structural features. If two operators are 

mapping, they should generally attempt to alternate traverses along the bench 

faces to minimize any bias due to differences in mapping procedures. 

GENERAL TRAVERSE DATA 

The top line of the field mapping sheet (see Fig. 1) contains data relevant to 

the entire traverse. Traverse data will relate to all subsequ~nt data entered 

on the sheet. Each entry is described in detail below. 

Traverse - Four spaces are provided for a unique traverse name to be coded in 

alpha and/or numeric symbols. Typical traverse names could be 0001, 0~02. 2501. 

2502. etc. 

Northing, Easting and Elevation - Six spaces are provided for each of Northing 

and Easting. and five spaces for Elevation. These coordinates pertain to the 

location of the beginning of the traverse and can be entered in any convenient 

system (eg. - UTM coordinates, local property grid coordinates, etc.) using the 

same units as the distance column (see below). Usually, tenths of metres or 

tenths of feet would be appropriate. 



4.

Trend - Trend refers to the azimuth direction of the traverse from beginning to 

end, and is entered as a three digit bearing from 000° to 360° (i.e. north =

000° or 360°, south = 180°, east = 090°, etc.).

PIunge - Plunge refers to the slope of the traverse line and is entered as a two 

digit number from -90° (vertically down) to 00° (horizontal) to +90°

(vertically up) (i.e. if the start of the traverse is higher than the end, the 

plunge should be entered as negative).

Reference (REF) - This refers to the mapping system in use and is entered as 1,

2 or 3, as described below.

Length - Four spaces are allotted for the total length of the traverse to be 

entered in the same unit system as the traverse coordinates.

Observations (OBS) - Two spaces are allotted for the total number of obser

vations mapped on the traverse.

MAPPING SYSTEMS

Three mapping systems are available which are based on the method by which the 

orientations of geological structures are mapped. Each system is described in 

the following:

Mapping System 1 - Dip direction is recorded in the azimuth columns as a 

three digit bearing from 000° to 360°. Dip is recorded as a two digit 

number from 00° to 90°. No entry under "DIR" is required. This type of 

mapping is normally conducted with a Clar compass or Breithaupt compass.

Mapping System 2 - Strike is recorded in the azimuth columns as a three 

digit number from 000° to 180°. Dip is recorded as a two digit number from 

00° to 90°. Dip direction, "DIR" is recorded as NE, SE, SW or NW to indi

cate the quadrant towards which the structure dips. This type of mapping 

is normally conducted with a Brunton type compass.
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entered in the same unit system as the traverse coordinates. 
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MAPPING SYSTIMS 

Three mapping systems are available which are based on the method by which the 

orientations of geological structures are mapped. Each system is described in 

the following: 

Mapping System 1 - Dip direction is recorded in the azimuth columns as a 

three digit bearing from 000° to 360°. Dip is recorded as a two digit 

number from 00° to 90°. No entry under "DIR" is required. This type of 

mapping is nonnally conducted with a Clar compass or Breithaupt compass. 

Mapping System 2 - Strike is recorded in the azimuth columns as a three 

digit number from 000° to 180°. Dip is recorded as a two digit number from 

00° to 900. Dip direction, "DIR" is recorded as NE, SE, SW or NW to indi
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is nonnally conducted with a Brunton type compass. 



Mapping System 3 - This system is designed for locations where a conven

tional compass is impractical due to magnetic interference. In this case a 

carpenter's angle rule (Clino Rule) is used for mapping. Azimuth is 

recorded as the clockwise angle (000° to 180°) between the trend direction 

of the traverse (i.e. looking along the traverse from start to finish) and 

the strike line of the discontinuity. Dip is recorded as above. Dip 

direction is recorded as positive (+) if the discontinuity dips towards the 

positive or forward direction of the traverse, and as negative (-) if the 

discontinuity dips towards the beginning or negative direction of the tra

verse.

An example of the use of the three systems is given in Fig. 2.

DISCONTINUITY DATA

The main body of the mapping sheet is for recording data pertaining to indivi

dual observations of structural discontinuities along the traverse. The opera

tor's discretion must be used to discriminate between relevant and irrelevant 

structural geological features with respect to the nature of the project at 

hand. For example, in design of high rock slopes for open pit mining, a minimum 

structure size is usually specified (eg. 3m or 5m), as recording all fractures 

in a rock mass could be impractical. Further, structures less than this size 

would not be highly relevant to stability of slopes excavated in 15m or 30m high 

benches. However, an individual assessment must be made for each project and 

the operator must be cognizant of the scope of the project and use his/her 

discretion to collect the most relevant data.

Each line of the main body of the mapping sheet (Fig. 1) is for recording one 

discontinuity observation. Not all of the columns must be filled in for each 

entry. Those for which an entry is mandatory are marked with an asterisk (*). 

Each individual column entry is discussed below.

*
Distance

Distance from the beginning of the traverse must be noted for each observation. 

Distance is recorded at the point where the projection of the observed discon
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Distance is recorded at the point where the projection of the observed discon-



tinuity intersects the tape. Units must be consistent with traverse coordinates 

in the first row of the sheet.

Rock Type

The rock type is determined by conventional geological techniques. In all cases, 

the type of rock up traverse from the last geological feature observed is recorded 

using a three letter mnemonic as per examples given in Appendix A. Exposed 

rock further along the traverse is recorded with the next surface observation.

Hardness

The rock hardness or consistency is determined by a series of simple mechanical 

tests using a rock hammer and pocket knife. Appropriate symbols and the methods 

by which hardness categories are determined are explained in Table I (after 

Jennings, 1968)

*
Structure Type

The genetic type of geological structure observed is recorded as a two letter 

code, which can be changed to suit the particular project. Common geologic 

structures with typical codes are given in Appendix A.

*

Azimuth, Dip and Direction

Any of the three systems described above can be used (see section on mapping 

systems), depending on the situation or preference of personnel involved. A 

number, corresponding to system 1, 2 or 3 is required under "REF" in the tra

verse data row (Row 1).

1. Jennings, J.E., (1968). A preliminary theory for the stability of rock 

slopes based on wedge theory and using results of joint surveys. 
University of the Witwatersrand, Internal Report, unpublished.

, .... ... . 
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Rock Type 
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tests using a rock hammer and pocket knife. Appropriate symbols and the methods 

by which hardness categories are determined are explained in Table 1 (after 
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* Structure Type 

The genetic type of geological structure observed is recorded as a two letter 

code, which can be changed to suit the particular project. Common geologic 
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1. Jennings, J.E., (1968). A preliminary theory for the stability of rock 
slopes based on wedge theory and using results of joint surveys. 
University of the Witwatersrand, Internal Report, unpublished. 



Infilling is meant to include any materials that occur between the planes of any 

structural feature, regardless of the type. Infilling is thus taken to include 

materials derived from breakage of the country rock due to movements and chemi

cal changes (i.e. alteration products) and foreign infilling materials deposited 

between the structural planes, such as calcite.

The type of joint infilling material is recorded using single letter mnemonics 

in the three columns provided (see Fig. 1). The most abundant type of infilling 

should be recorded in the right hand column. Some typical infillings are given 

in Appendix A.

Length

The length or size of a discontinuity is determined by estimating or measuring 

the actual trace length which is visible on either the surface outcrop or cut 

face.

Spacing and Replication of Discontinuity Sets

In cases where several discontinuities of similar orientation, length and sur

face characteristics are identified, the spacing (SPCG) and the number (N/S) of 

discontinuities are recorded in the appropriate columns to facilitate mapping. 

The orientation of the set is recorded as the apparent average orientation of 

the discontinuities observed.

In general a number of structures (N/S) in excess of eight structures should not 

be recorded, as high replication tends to result in biasing and distortion of 

the lower hemisphere equal area projections. In a case where more than eight 

structures exist, more than one measured observation is used to represent the 

group.

End Conditions

Additional information on continuity may be recorded according to the number of 

degrees of uncertainty of the trace length of the discontinuity. If one end of
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degrees of uncertainty of the trace length of the discontinuity. If one end of 
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the structure is continuous upwards or downwards out of the rock face being con

sidered, there is one degree of uncertainty and "ends" (E) is booked as 1; if 

both ends are continuous out of the face, "ends" is booked as 2; if both ends 

can be seen, there is no uncertainty regarding the length of the structure and 

"ends" is booked as zero or left blank.

Groundwater

The presence or absence of water in either joint infilling materials or in the 

structural plane in general may be recorded in the column headed by "W", based 

on the following five categorizations:

Category

1

2

3

4

Degree of Water

The discontinuity is tight; water flow along it does not appear 

possi bl e.

The discontinuity is dry with evidence of water flow, rust 

staining of discontinuity surface, etc.

The discontinuity is damp but no free water is present.

The discontinuity shows seepage, occasional drops of water, no 

continuous flow.

5 The discontinuity shows a continuous flow of water.

Roughness .

Roughness of the joint surface may be recorded on a five-finger scale. The 

five categories of roughness are as follows:

Category Description

1
2
3
4

5

Slickensides or polished 

Smooth
Defined ridges 

Small steps 

Very rough
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Category 
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Roughness 

Degree of Water 

The discontinuity is tight; water flow along it does not appear 
possible. 

The discontinuity is dry with evidence of water flow, rust 
staining of discontinuity surface, etc. 

The discontinuity is damp but no free water is present. 

The discontinuity shows seepage, occasional drops of water, no 
continuous fl ow. 

The discontinuity shows a continuous flow of water. 
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Smooth 
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Small steps 
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Gouge Width

Thickness of the discontinuity or gouge infilling is taken as the width of that 

material between sound intact rock. Thickness may be recorded in convenient 

length units and on a categorized scale, as follows:

Category Thickness

A

B
C

D

E

F

0.00
0.00 - 2.5mm 

2.5mm - 5.0mm 

5mm - 10mm 

lcm - 2cm 

2cm - 5cm

Thicknesses greater than 5cm should be recorded to the nearest 0.1m eg 01, 02. 

If gouge width is greater than 9.9m, a separate rock type should be recorded. 

Depending on site conditions it may be desireable to record gouge width to the 

nearest 0.01m in which case a separate rock type would be required for widths 

greater than lm.

Waves

Waviness of the structural plane may be measured by placing a clino-rule in the 

hollow of the wave and recording the inter-limb angle (ILA) that occurs between 

the legs of the clino-rule. The legs of the clino-rule should be fully opened 

when this is measured.

COMPILATION OF PUN MAP

In addition to completing the field data sheets as discussed above, it is also 

necessary to prepare a field geological map of the site after each traverse is 

completed. This plan should consist of a topographic plan or a plan of the pit 

benches or underground openings. The following information should be compiled 

in the field and transferred to the plan map:

(i) Location of traverse stations.

(ii) Location of major structures, geological boundaries, rock types, etc.

(iii) Interpretation of structures between traverses or from one traverse to 

traverses or benches above and below the mapped traverses.

9. 

Gouge Width 

Thickness of the discontinuity or gouge infilling is taken as the width of that 

material between sound intact rock. Thickness may be recorded in convenient 

length units and on a categorized scale, as follows: 

Category 

A 
B 
C 
D 
E 
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0.00 - 2.5mm 
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5mm - 1 0nm 
1cm - 2cm 
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Thicknesses greater than 5cm should be recorded to the nearest O.lm eg 01, 02. 

If gouge width is greater than 9.9m, a separate rock type should be recorded. 

Depending on site conditions it may be desireable to record gouge width to the 

nearest O.Olm in which case a separate rock type would be required for widths 

greater than lm. 

Waves 

Waviness of the structural plane may be measured by placing a clino-rule in the 

hollow of the wave and recording the inter-limb angle (ILA) that occurs between 

the legs of the clino-rule. The legs of the clino-rule should be fully opened 

when this is measured. 

COMPILATION OF PLAN MAP 

In addition to completing the field data sheets as discussed above, it is also 

necessary to prepare a field geological map of the site after each traverse is 

completed. This plan should consist of a topographic plan or a plan of the pit 

benches or underground openings. The following infonnation should be compiled 

in the field and transferred to the plan map: 

(i) Location of traverse stations. 

(ii) Location of major structures, geological boundaries, rock types, etc. 

(iii) Interpretation of structures between traverses or from one traverse to 

traverses or benches above and below the mapped traverses. 
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(v) Important engineering geology features, such as:

- weathered or broken areas

- rockfalls, failures, etc.

This plan will be prepared during mapping and information transfered to a base 

map as surveying information becomes available.

Eventually this information will comprise a complete engineering geology plan of 

the site suitable for inclusion in an engineering report.

SUMMARY

The mapping system has been designed to be extremely flexible so that the para

meters, units, etc. can be modified to suit site conditions. Therefore, for any 

particular project site, a detailed engineering geology site report should be 

prepared to fully describe the symbols used and actual meaning of the various 

parameters and codes used on the data sheets.

10. 
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APPENDIX A

Examples of Typical Structure Types, Rock Types and Infilling Types 
with Definitions and Appropriate Mnemonic Symbols*

STRUCTURE

Axial Plane (AP) - The surface joining the lines of maximum curvature on suc

cessive layers of a fold. Axial planes are imaginary planes which define the 
shape of folds and do not represent any physical discontinuity in the rock mass.

Bedding (BG) - Regular layering in sedimentary rocks marking lithological con

tacts .

Cleavage (CV) - Closely spaced parallel surfaces of fissility in rock not 

parallel to lithologic contacts.

Contact (CN) - Surface between two rock types.

Dyke (DK) - A sheet-like body of igneous rock that cuts across the structure in 

adjacent older rocks which it entered while in a molten condition.

Fault (FI) - Surface of shear recongizable either by the displacement of another 

surface that crosses it, or by striated slickensides on the surface. Faults 

thus include all "shears". Faults can be classified by the direction of slip of 
the fault block which rests on the fault plane (the hanging wall block). Refer 

to slip and separation under type of lineation. For descriptive terms use fault 
breccia (FB), slickensides (SK), striae (ST), gouge (GO), mylonite (MO), fault 

zone (FZ), etc.

Foliation (Flf) - Surface parallel to compositional contacts in a metamorphic 

rock.

Gneissosity (GS) - Surface parallel to lithological layering in metamorphic 

rocks.

Joint (JN) - Fracture in rock mass along which there has been no identifiable 

displacement. For descriptive and/or analysis purposes it may prove advan

tageous to record the genetic type if known. Some of these which could be con
sidered are tectonic joint (TO), bedding joint (BJ), columnar joint (CJ), and 

sheet joint (SJ).

Joint Set (JS) - Recognized set of joints which have common attitude and length. 

The spacing and frequency of these joints is recorded. For descriptive pur

poses, if these joint sets are tending to be uniformly related, they could be 
referred to as a joint system (JY) and, when they persist over great areas, we 

designate this jointing as the regional joint pattern (RJ).

* Note: Symbols are devised using standard mnemonic codes. However, symbols

used on a particular project should be devised to suit that project and 

be consistent for all symbols used on the project.
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Schistosity (SC) - Surface of easy splitting in a metamorphic rock defined by 

the preferred orientation of metamorphic minerals.

Shear (SR) - Surface of shear without recognizable displacement. It can be 
recognized by si ickensides, polishing or slickness of the surface or striations 

on the surface.

Sill (SL) - A tabular body of igneous rock that has been injected while molten 

between layers of sedimentary rocks or along the foliation planes of metamorphi 

rocks.

Tension Crack (TC) - A tension feature which is open and planar in form; such 

features could be tension cracks at slope crests or naturally occurring discon

tinuities which have opened.

Unconformity (UC) - Eroded surface covered by sedimentary rock.

Vein (VN) - Fracture in rock with a filling apparently injected at the time the 

fracture formed.

ROCK TYPES

Intrusive Rocks Metamorphic Rocks

Granite GRT Gneiss GNS

Granodiorite GDR Quartzite QZT

Aplite APT Schist SHT

Pegmatite PGT Muscovite Schist MST

Diorite DRT Biotite Schist BST

Quartz Diorite. QDT Quartz Biotite Schist QBS

Garnet Schist GST

Volcanic Rocks Phyllite PHT

Andesite ADT

Rhyolite RLT

Tuff TFF

Basalt BST

Sedimentary Rocks

Conglomerate CGT

Coarse Sandstone CSD

Medium Sandstone MSD

Fine Sandstone FSD

Silty Sandstone SSD

Sandy Siltstone SSL

Siltstone SSH

Silty Shale SHL

Claystone CLT

Coal COL

Carbonaceous Claystone CCL

Carbonaceous Shale CSH

Schistosity (SC) - Surface of easy splitting in a metamorphic rock defined by 
the preferred orientation of metamorphic minerals. 

Shear (SR) - Surface of shear without recognizable displacement. It can be 
recognized by slickensides, polishing or slickness of the surface or striations 
on the surface. 

Sill (SL) - A tabular body of igneous rock that has been injected while molten 
between layers of sedimentary rocks or along the foliation planes of metamorphic 
rocks. 

Tension Crack (TC) - A tension feature which is open and planar in fonn; such 
features could be tension cracks at slope crests or naturally occurring discon
tinuities which have opened. 

Unconformity (UC) - Eroded surface covered by sedimentary rock. 

Vein (VN) - Fracture in rock with a filling apparently injected at the time the 
fracture fanned. 

ROCK TYPES 

Intrusive Rocks 

Granite 
Granodiorite 
Aplite 
Pegmat i te 
Oiorite 
Quartz Oiorite. 

Volcanic Rocks 

And.esi te 
Rhyolite 
Tuff 
Basalt 

Sedimentary Rocks 

GRT 
GDR 
APT 
PGT 
ORT 
QDT 

AOT 
RLT 
TFF 
BST 

Congl001erate CGT 
Coarse Sandstone CSD 
Medium Sandstone MSD 
Fine Sandstone FSD 
Silty Sandstone SSD 
Sandy Siltstone SSL 
Siltstone SSH 
Silty Shale SHL 
Claystone CLT 
Coal COL 
Carbonaceous Claystone CCL 
Carbonaceous Shale CSH 

Metamorphic Rocks 

Gneiss 
Quartzite 
Schist 
Muscovite Schist 
Biotite Schist 
Quartz Biotite Schist 
Garnet Schist 
Phyllite 

GNS 
QZT 
SHT 
MST 
BST 
QBS 
GST 
PHT 



INFILLING

Air (A)

Soil - Clay (C), 

Calcite (Z) 

Detritus (D) 

Evaporites (E) - 

Feldspar (F) 

Gouge (G)

Breccia (B)

Ore (0)

Quartz (Q)

total void exists between the walls of the plane 

Sand (S)

debris washed into an open fracture 

gypsum, halite, anhydrite

hard, often pink, insoluble, good cleavages, easily weathered

wall rock is often ground up by movements along a fault zone. 

Gouge is the result of the accelerated weathering of the 

resulting fine grained materials; it is generally a green clay.

consolidated angular rock fragments larger than sand grains 

resulting from fault movement.

val uabl e

hard, white and insoluble

INFILL ING 

Air (A) - total void exists between the walls of the plane 

Soil - Clay (C), Sand (S) 

Calcite (Z) 

Detritus (D) - debris washed into an open fracture 

Evaporites (E) - gypsum, halite, anhydrite 

Feldspar (F) - hard, often pink, insoluble, good cleavages, easily weathered 

Gouge (G) - wall rock is often ground up by movements along a fault zone. 
Gouge is the res~lt of the accelerated weathering of the 
resulting fine grained materials; it is generally a green clay. 

Breccia (B) - consolidated angular rock fragments larger than sand grains 
resulting from fault movement. 

Ore (0) - valuable 

Quartz (Q) hard, white and insoluble 



QUALITATIVE S QUANTITATIVE EXPRESSIONS 

FOR CONSISTENCT OF COHESIVE SOIL AND ROCK

HARDNESS CONSISTENCE FIELD IDENTIFICATION

APPROXIMATE RANGE OF 
UNCONFINED COMPRESSIVE STRENGTH

MPa

SI very soft sol l
Easily penetrated several inches by fist; 

snows distinct heel marks.
<0.025 <3.5

s? soft soil
Easily penetrated several Inches by thumb; 

faint heel marks.
0.025 - 0.05 3.5 - 1

S3 firm soli
Can be penetrated by thumb with moderate 

effort; difficult to cut with hand spade.
0.05 - 0.10 7 - 14

s< stiff soil

Readily Indented by thunb but penetrated 
only with great effort; cannot be cut with 

hand spade.

0.1 - 0.2 14 - 28

S5 very stiff soil
Readily Indented by thumbnail'; requires 

pneunattc spade for eicavatlon.
0.20 - 0.4 28 - 56

S6 hard soil Indented with difficulty by thubbnall. >0.4 >56

RO extremely soft rock Indented by thunbnal). 0.2 - 0.7 28 - 100

R! very sort rucK

Crumbles under firm blows with point of 

geological pick; can be peeled by a pocket 

knlfe.

0.7 - 7.0 100 - 1,000

R2 soft rock

Can be peeled by a pocket knife with 

difficulty; shallow indentations made by 

firm blow of geological pick.

7.0 - 28 1,000 - 4,000

R3 average rock

Cannot be scraped or peeled with a pocket 

knife; specimen can be fractured with single 

firm blow of hammer end of geological pick.

28 - 56 4,000 - 8,000

Re hard rod. Specimen requires more than one blow with 

banner end of geological pick to fracture It.
56 - 112 8,000 - 16.000

R5 very hard rock Specimen requires many blows of hammer end 

of geological pick to fracture (t.
112 - 224 16,000 - 32,000

R6 extremely hard rock
Specimen can only be chipped with geological 

pick.
>224 >32,000

' Hodtfled Rock Hardness Classification

SI to 56 Modified after Teraaghl, A. and Peck, R.8., 1967. "Soil Mechanics In Engineering Practice. 2nd Edition, John Wiley 

and Sons Inc., New fork. p.30.

Modified after Plteau, O.R.. 1970. "Geological Factors Significant to the Stability of Slopes Cut In Rock" In 

Planning Open Pit Mines, Van Rensburg Ed. Aug. 29-Sept, a, 1970. Balkema. p.51 and 68.
HI to R5

QUALITATIVE & QUANTITATIVE DPRESSIONS 

FOR CONSISTENCY Of COll[Slvt SOil ANO Ron· 

.~ 
,· 

APPROllllATE RANG[ or 
UH CON Fl NE O COIIPRESS I YE STRENGTH 

HAROIIESS CONSISTENCY FIELD IOENTIF lCA7IOII 

SI very solt so1 I 

S2 soft soi I 

SJ flrn, sol I 

s• Hlft soll 

ss very 1ttff soil 

S6 h4 rd soil 

RO e,trt<Dely soft rock 

RI very ,on ro,k 

R2 soft roc1. 

R3 dVerd(Jt' roe, 

R4 hord rocl. 

RS very n4rd rock 

R6 e,trenely h4rd rock 

Easily penetrdted severdl Inches Dy fist; 
snows d1stfnct ~el mdrts. 

Easily i;enetrdted several inches Dy thumD; 
faint nee! ClH<S, 

Can Ile penetrated oy th,..t, .,f tli moderate 
effort; dfff I cult to cut "f th hand sp.ide. 

Rtad11y Indented by thll!lb but penetrated 
only w1th great effort; cannot be cut with 
hand spade. 

Re•d11y Indented by thumbna!l·; requires 
pneunatlc sll,!de for ouvatlon. 

Indented 111 th difficulty by thu::bnall. 

l nden t ed by t hllllbna I I. 

Crumbles under flnn blows with point of 
geological pick; can be peeled by a pocket 
knife. 

Can be peeled by a pocket knife "1th 
difficulty; shallow indentations made by 
firm blaw of geological pick. 

Cannot Ile scraped or peeled with a poclet 
kn1 fe; specimen can be frdctured "ith single 
ilnn blo• of hamer end of geologlcal plcl. 

Specimen requires more th4" one biuil '111th 
hairrner end of geological pick to fracture It. 

Specimen requires many blaws of hammer end 
of geological pick to fracture it. 

Specimen can only be chipped "1th geological 
p I c •. 

HP4 p. 5. 1. 

<O. 025 0. S 

0.025 • o.os 3. S • 

0.05 • 0.10 l. 14 

0.1 • 0.2 14 • 28 

0.20 • 0.4 28 • 56 

>0.4 )56 

0.2 . 0. 7 28 • 100 

o. 7 • 7.0 100 • 1,000 

7 .o 28 1,000. •.ooo 

28 • 56 4,000 • 8,000 

56 • 1!2 8,000 • 16,000 

112 • 224 16,000 • 32 ,DOD 

)224 >32, 000 

• Hodlfled Rock Hardness Classification 

SI to S6 

R l to RS 

Hodlfled after Terzoghi, I(_ and Peck, R.8., 1967. ·son Mechanics In Engfneerfng Practice, 2nd Edition, John Wiley 
4nd Soni Inc., Ne" York. p. 30. 

Hudlfled after Piteau, D.R .. 1970. "Geological Factors Significant to the Stability of Slopes Cut In Roel" In 
Planning Open Pit Kines, van Rensburg Ed. Aug. 29-Sept. 4, 1970. Balkema. p.51 and 68. 
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John Duff Erickson
aSM TOMAHAWK OMVI 

RAPID CITY. SOUTH DAKOTA 57702

/

Mine Planning and Geotechnical Assessment
of

Sunday and Oakota Maid Pits 
for

Gilt Edge Mining Incorporated

Introduction

This report was prepared for Gilt Edge Mining Incorporated as 
a technical assessment of the mining plans for the proposed 
reactivation of the Gilt Edge Mine.

The scope of the work Included a review of mining plans level 
by level, location of the final pit limit topography and the 
stability of the proposed 45 degree final pit slopes.

Act 1on

A series of mine level plans for each 20 foot elevation 
Interval showing the location of the ore blocks and the pit 
limits down to the 5300 level were reviewed In detail. Also 
reviewed were the plans of the final pit topography designed at a 
maximum pit slope angle of 45 degrees.

On 24 August 1986, the Gilt Edge mine site was visited with 
Dr. Z. Hladysz to Inspect the exposed walls of the Sunday and 
Dakota Maid pits. Also a reconnaissance of the underground 
workings In the Sunday pit area was made.

A sample of wall rock from the underground workings was 
taken. In addition, several selected cores were taken from the- 
core drilled to evaluate the property. This material was tested 
by Dr. Z. Hladysz. His report Is attached.

Cone 1 us Ions

The plans for mining the Sunday and Dakota Maid pit areas are 
typical of the surface mining method used to mine an ore deposit 
of the type found at Gilt Edge. Low grade ore occurring near the 
surface and extending vertically downward dictate that surface 
mining Is the preferred method of extraction.

The basic economic reality of mining a deposit like Gilt Edge 
Is that the final pit slope should be as steep as safely possible 
for maximum revovery of the natural resource. To achieve less 
would result In the wasting of the natural resource. Such 
material Is rarely economical to recover at a later date.

/ 

Introduction 

JOHN OUFF ERICKSON 
a9N TOWAHAW1C OIHV■ 

RAPID CITY, SOU'n4 DAKOTA 5770a 

Hine Planning and Geotechntcal Assessment 
of 

Sunday and Dakota Hald Pfts 
for 

Gflt Edge Hlnfng Incorporated 

This report was prepared for Gilt Edge Mining Incorporated as 
a technical assessment of the mining plans for the proposed 
reactivation of the Gilt Edge Hine. 

The scope of the work Included a review of mining plans level 
by level, location of the final pit limit topography and the 
stability of the proposed 45 degree final pit slopes. 

Action 

A sertes of mine level plans for each 20 foot elevation 
Interval showfng the location of the ore blocks and the pit 
llmlts down to the 5300 level were revtewed In detail. Also 
reviewed were the plans of the final pit toPography designed at a 
maximum pft slope angle of 45 degrees. 

On 24 August 1986, the Gilt Edge mine site was visited with 
Or. z. Hladysz to Inspect the exposed walls of the Sunday and 
Dakota Hald pits. Also a reconnaissance of the underground 
workings In the Sunday pit area was made. 

A sample of wal I rock from the underground workings was 
taken. In addition, several selected cores were taken from the· 
core drilled to evaluate the property. Thfs material was tested 
by Dr. Z. Hladysz. His report Is attached. 

Conclusions 

The plans for mlnfng the Sunday and Dakota Hafd pit areas are 
typical of the surface mining method used to mine an ore dePoslt 
of the type found at Gilt Edge. Low grade ore occurring near the 
surface and extending vertfcally downward dfctate that surface 
mining ts the preferred method of extraction. 

The baste economic reality of mining a deposit like Gflt Edge 
ts that the final pit slope should be as steep as safely possfble 
for maxfmum revovery of the natural resource. To achieve less 
would result In the wasting of the natural resource. Such 
material fs rarely economical to recover at a later date. 



Evaluation of the Gilt Edge geotechnical parameters was 
relatively straight forward because of the exposed rock faces and 
structure. The high walls In the old pits are still standing 
stable after many years of exposure to the elements.

The underground openings examined were structurally sound and 
Intact after a long period of standing unsupported. Of 
particular Interest was the old underground hoist station that 
had the sheave wheel located In unsupported rock. Again the rock 
In this area has remained stable over a long period of time.
Next to the Sunday pit a large unsupported open stope was 
observed still structurally Intact.

Ground water and hydraulic pore pressure does not appear to 
be a factor of concern In the Gilt Edge area rock mass.

From these observations It Is concluded that 45 degrees Is a 
conservative overall final pit slope angle. The faces of the 
Intermediate benches will stand at slopes much steeper than 45 
degrees. The exact stable slope angle of each Intermediate face 
will be dependent upon the structure and geology of the rock 
face.

Fractures and Joint patterns In some of the rock may cause 
localized toppling failures. These will be easily contained by 
the Intermediate catch benches and will not effect the overall 
long term stability of the reclaimed high walls.

The mining plan proposed by Gilt Edge Mining, Incorporated Is 
considered to be the best alternative and should be accepted.

/y' John Duff Erickson 
S' Mining Engineering Consultant 

30 August 1986

Evaluation of the Gilt Edge geotechnfcal parameters was 
relatively straight forward because of the expesed rock faces snd 
structure. The high walls fn the old pits sre stf11 standing 
stable after many years of expasure to the elements. 

The underground openings examined were structurally sound and 
fntact after a long period of standing unsupparted. Of 
particular Interest was the old underground hoist statfon that 
had the sheave wheel located In unsupperted rock. Again the rock 
fn thfs area has remafned stable over a long perfod of tfme. 

-Next to the Sunday pit a large unsupparted open stope was 
observed still structurally fntact. 

Ground water and hydraulic pore. pressure does not appear to 
be a factor of concern In the Gilt Edge area rock mass. 

From these observations It fs concluded that 45 degrees Is a 
conservative overall flnal pit slope angle. The faces of the 
Intermediate benches will stand at slopes much steeper than 45 
degrees. The exact stable slope angle of each Intermediate face 
will be dependent upcn the structure and geology of the rock 
face. 

Fractures and Joint patterns In some of the rock may cause 
localized toppling failures. These will be easlly contained by 
the Intermediate catch benches and will not effect the overall 
long term stability of the reclaimed high walls. 

The mining plan proposed by Gilt Edge Htnlng, Incorporated ts 
considered to be the best alternative and should be accepted. 

9~~ /_..,,.. 
/;," John Duff Er t ck son 

/ Hlnlng Engtneertng Consultant 
30 August 1986 



Gilt Edge Mine Rock Strength Test Results

Preliminary estimation of the strength of the principal rock 
(porphyry) to be encountered In the high wall of the Gilt Edge 
mine was determined using the portable rock strength tester.
Rock material tested Included a sample taken from the wall of the 
underground workings and several cores available from the 
previous exploratory drilling.

Average uniaxial compressive strengths of the porphyry
samples are as follows:

A. Wa11 samp1e
Uniaxial compressive strength: 10744 psl

Standard deviation: 1759 psl

Coefficient of variation: 16 %

B. Drill cores
Uniaxial compressive strength: 11485 psl

Standard deviation: 1272 psl

Coefficient of variation: 11 %

Conclusion

The results of the prellmlnery tests show that the porphyry 
can be classified as a strong rock. If such a rock does not 
contain any discontinuities or planes of weakness It will provide 
long term stability of rock structures on the surface and 
underground.

Dr. Z. Hladysz
Associate Professor Mining Engineering 
South Dakota School of Mines 
and Technology

1

G11t Edge Hfne Rock Strength Test Results 

Prel1m1nary est1mat1on of the strength of the prlnclpal rock 
(porphyry) to be encountered In the h I gh wa 1 1 of the GI 1 t Edge 
mine was determined using the Portable rock strength tester. 
Rock material tested Included a sample taken from the wall of the 
underground workings and several cores avaflable from the 
previous exploratory drl111ng. 

Average unlaxlal compressive strengths of the porphyry 
saff¥)les are as follows: 

A. Wa 1 1 same 1 e 
Unlaxlal compressive strengths 

Standard deviation: 

Coefficient of variations 

B. Ort 11 cores 
Untaxtal compressive strengths 

Standard deviation: 

Coefficient of varfatfona 

Conclusion 

10744 psi 

1759 psi 

16 I 

11485 PS•I 

1272 PSI 

11 I 

The results ·of the prellmlnery tests show that the porphyry 
can be classified as a strong rock. If such a rock does not 
contain any discontinuities or planes of weakness ft will provide 
long term stability of rock structures on the surface and 
underground. 

~'<£) 
Or. Z. Hladysz 
Assoclat~ Professor Nlnlng Engineering 
South Dakota School of Nines 
and Technology 


